A series of new red phosphors, MZr 2 (PO 4 ) 3 :Eu 3+ ; Bi 3+ (M=Na; K), were synthesized using the solidstate reaction method, and their photoluminescence spectra were measured. The MZr 2 (PO 4 ) 3 :Eu 3+ ; Bi 3+ (M=Na; K) phosphors were efficiently excited by an ultraviolet (UV; 395 nm) source, and showed intense orange-red emission at 595 nm. Further investigation of the concentration-dependent emission spectra indicated that the MZr 2 (PO 4 ) 3 :Eu 3+ ; Bi 3+ (M=Na; K) phosphors exhibit the strongest luminescence intensity when y = 0.01 in NaZr 2(0 95− ) (PO 4 ) 3 :Eu 
Introduction
Eu 3+ ions are usually used as luminescent centers for synthesizing luminescent materials because the lowest excited level ( 5 D 0 ) of the 4 6 configuration is situated below the 4 5 5 configuration and it may show sharp emission lines around 595 nm or 610 nm [1] [2] [3] . To enhance luminescence intensity, Bi 3+ ions are usually selected * presented at the 3rd International Workshop on Advanced Spectroscopy and Optical Materials, July 17-22, 2011, Gdańsk, Poland † E-mail: zhouliyatf@163.com as sensitizers, because of their efficiency in absorbing the UV-light and transferring energy to the luminescent center, thereby strengthening the emission intensity of the luminescent center [4] [5] [6] . As a NZP structure compound, zirconium phosphates MZr 2 (PO 4 ) 3 (M = Na, K) have a rhombohedra structure. The crystal structure of MZr 2 (PO 4 ) 3 (M = Na, K) consists of a three-dimensional network of a ZrO 6 octahedral linked by corner-sharing with a PO 4 tetrahedral and sodium ions that lie in the cavities of the tetrahedron-octahedral framework, filling them partly [7] [8] [9] . Eu 3+ -doped alkaline metal phosphates are a class of desirable phosphors for UV excitation [10] [11] [12] [13] . In this paper, zirconium phosphates MZr 2 (PO 4 ) 3 (M = Na, K) from a large family of crystal NZP phases were investigated as the host compound. The structure of MZr 2 (PO 4 ) 3 (M = Na, K) has stability and flexibility which allows isovalent and heterovalent substitutions at all non-oxygen lattice sites and give rise to a large number of compounds with identical topology of connections between their structural units. Due to the dependence of these properties on the framework structure, MZr 2 (PO 4 ) 3 compounds have attracted significant interest for their low thermal expansion, their diversity of ionic conductivity, and catalytic properties [8, 14, 15] (A. R.) were used as reagents for the sample preparations. Stoichiometric amounts of the raw materials were combined into a homogeneous mixture in an agate mortar and calcined at 1200
• C for 5 h.
Characterization of MZr
Powder X-ray diffraction (XRD) (40 kV and 200 mA, Cu K = 0.15406 nm Rigaku/Dmax -2500, Rigaku Corporation of Japan) was used to identify the structure of the phosphors in the 2 range 10-70
• at 0.02
• increments. Scanning electron microscopy (SEM) through an S-3400N (HI-TACHI) was used to observe particle sizes and shapes. Excitation and emission spectra were recorded on a HI-TACHI F-2500 fluorescence spectrophotometer using a Xe lamp as the excitation source. All measurements were carried out at room temperature. • C for 5h.
Results and discussion

Structural and morphological characterization
The XRD patterns of the MZr 1 89 (PO 4 ) 3 :Eu • are shown in Fig. 3 . In (a) and (b), the emission and excitation spectra of these compounds are similar, indicating that the alkali ions (Na + , K + ) have little influence on luminescence. One broad and strong excitation band in the 200 to 300 nm range with the maximum centered at around 250 nm is ascribed to the charge transfer (CT) state resulting from the transition of the ligand O 2− 2 orbital to the empty states of the 4f configuration (O 2− -Eu 3+ ). The sharp lines in the 360-500 nm range were intraconfigurational 4f-4f transitions of Eu 3+ in the host lattices and the strong excitation bands at 395 nm is attributed to the 7 F 0 -5 L 6 transition of Eu 3+ .
Upon excitation with 395 nm NUV irradiation, the emission spectra consisted of the transitions from the excited 5 D 0 -7 F J (J = 0 1 2 3 4 ) lines of Eu 3+ . The most intense emission line was located at 595 nm, which corresponds to the magnetic dipole transition of Eu 3+5 D 0 -7 F 1 , indicating that the sites occupied by the Eu 3+ ions have inversion symmetry [19] . A ratio between the integrated intensity of these two transitions, I 0−2 /I 0−1 , was used in lanthanidebased systems as a probe of the local cation surroundings [20] . As shown in Fig. 3 Fig. 4 (a) , when Eu 3+ and Bi 3+ are incorporated into the NaZr 2 (PO 4 ) 3 lattices, the width of the peak at the CT bands of (O 2− -Eu 3+ ) centered at 250 nm in the excitation spectrum widens and the intensity of the excitation peak is higher compared with that without Bi 3+ . At the same time, another peak appears around 320 nm, which could be assigned to the (O 2− -Bi 3+ ) charge transfer band [6] . and Eu 3+ because of the overlap of excitation spectra [23] . In Fig. 4 (b) , when Bi 3+ and Eu 3+ are incorporated into the KZr 2 (PO 4 ) 3 lattice, the intensity of the peak at 395 nm due to the 7 F 0 -5 L 6 (f-f) transitions of Eu 3+ is higher compared with that without Bi 3+ in the excitation spectra. This indicates that the introduction of Bi 3+ can enhance the excitation peak intensity at 395 nm; this is attributed to the possible overlap with the emission band of Bi 3+ at 469 nm and it indicates the energy transfer from Bi 3+ to the f-f transitions of activator Eu 3+ ions [24] . The addition of Bi 3+ widens the excitation band around 320 nm in NaZr 2(0 95− ) (PO 4 ) 3 :Eu and relative intensity. The detail of relative intensity can be seen in Fig. 4 . The luminescence intensity of the samples initially increases gradually with the increase in Bi 3+ doping, then declines and achieves a maximum when y = 0.01 in NaZr 2(0 95− ) (PO 4 ) 3 :Eu (Inset in Fig. 4 2 . This fosters the useful idea to broaden the excitation band around 300-350 nm to fit the ultraviolet chip.
